INTRODUCTION
Recent research has indicated that slow and fast (tonic and phasic) eye movements are mediated by separate motor nerve-muscle fiber systems, although both systems participate in at least some types of eye movements.
The differences in the properties of the tonic and phasic muscle fibers1 '5,13,14.15 and motor nerve fibers have been determined. Researchers have analysed the motor nerve discharge patterns of eyes at rest, eye deviation, and slow and fast phases of nystagmus. They have suggested the relative participation of the slow and fast systems in each type of movement.
More recently whole and partial fluctuations were noticed on the mechanogram of nystagmus induced by extraocular muscles in cats". Nystagmus-like responses were produced by giving repetitive pulse train stimulation to the horizontal ampullar nerve, and they were studied in relation to the changes of baseline and tetanic contraction.
The present study was undertaken as an attempt to obtain a more definitive understanding of the functional roles of extraocular nerve-muscle systems affected by vestibular impulses through the application of neuromuscular blocking agents.
METHOD
In eight cats anesthetized with ether, tracheal and venous cannulae were inserted and each cat was placed in a head holder. The left horizontal canal was exposed by means of an endoauricular approach, and a fine hole was opened. Bipolar electrodes were introduced into the hole and were fixed by dental cement. The right lateral rectus muscle, with scleral attachment, was cut away from the globe, and the globe was removed. The muscle was attached to a strain gauge (NIHON-KOHDEN SB-1T) and 18-8 stainless steelwire electrodes were inserted in the muscle. After completion of surgical preparation, a high cervical spinal cord transection was made. Exposed tissues were infiltrated with 1 % Xylocaine and at least two hours were allowed for recovery before records were obtained. Tetanic contraction was produced by vestibular stimulation that was repeated at the frequency of one or more times/sec with a pulse train of 100 msec at 300
Hz with pulses of 0. When constant amplitudes of the tetanic contractions of the lateral rectus muscle were maintained by electric ampullar nerve stimulation as mentioned above, succinylcholine of 50 ,rig/kg was injected in the femoral vein. On the mechanogram the baseline began to be increased and reached a maximum tension of 17.3 g, and on the electromyogram small spike discharges were seen to increase gradually. The tetanic contraction was retained constantly for a short time at the beginning of the increase of the baseline, and no changes of small and large spike discharges were seen. Consequently, the full amplitude (the sum of the baseline and tetanic tensions) showed an increase of 1-3 g compared with that before administration. As the baseline progressed towards the maximum tension, the tetanic contractions and large spike discharges decreased and at last disappeared, but small spike discharges were still seen to increase. Consequently, the full amplitude show-
In a detailed view of Fig. 1 In an electrophysiological study, Hess and Pilar5 (1963) have described the presence of the twitch (single-innervated twitch fibers) and tonic (slow multi-innervated fibers) types of neruomuscular system in the extraocular muscles of the cat. Bach-y-Rita and Ito2 (1966) , and Bach-y-Rita' (1971) have described the existence of the fast singly innervated and slow multi-innervated twitch fibers in the extraocular muscles of the cat, by the results of pharmacological and histological studies in addition to electrical and mechanical studies. By recording intracellular potentials evoked by electric stimulation of contralateral horizontal semicircular canal of the anesthetized cats, Ito, Bach-y-Rita and Yamanaka'
(1969) have also suggested that there was a probability that three types would exist in the lateral rectus muscle. By means of electronmicroscopic techniques, Peachey15,16 has suggested that five types of muscle fibers existed in extraocular muscles. In this experiment the effect of gallamine (competitive blocking agent) was the depression of both tetanic contraction and baseline tension on the lateral rectus muscle, and it was found to be different from that of succinylcholine. Katz and Eakins (1966) have pointed out that similar responses on the superior rectus muscle were induced by administration of gallamine. Furthermore, they have reported that the dose of succinylcholine required to depress the twitch response of the superior rectus muscle was greater than that required to block the twitch response of skeletal muscles. The effect of gallamine in each animal was that the magnitude of blocking responses of the superior rectus muscle was similar to that of blocking responses of the tibialis muscle , but the duration of action was greater for the tibialis muscle. It is to be noted that these results showed a difference of fiber structure between extraocular muscle and skeletal muscle and that extraocular muscle has the characteristic function.
In the present experiment, the following conclusions were reached : as a result of the The results of the electromyogram and the isometric mechanogram of the lateral rectus muscle in alert cats have indicated that the responses to succinylcholine are the increase of the resting tension in accordance with the increase of spontaneous small spike discharges, while the responses to gallamine are the depression or no change of the resting tension and the decrease of spike discharges. As for the effect of intravenous injection of succinylcholine or gallamine on the evoked tetanic and baseline tension, and spike discharges by repetitive vestibular stimulation, succinylcholine depressed the tetanic contractions and increased the baseline tension in accordance with the decrease or disappearance of large spikes and the increase of small spikes, while gallamine depressed both tetanic contraction and the baseline tension and abolished large spikes and small spikes.
From the results mentioned above, it was concluded that at least two fiber types (tonic and phasic) existed in the lateral rectus muscle and that the activity of these fibers caused tonic and phasic movements of nystagmus and eye deviation induced by vestibular stimulation. ACKNOWLEDGEMENT We wish to express our deepest gratitude to Professor Sadao Utsumi who is our academic advisor and has been our constant source of encouragement and guidance. We are also greatly indebted to the other members of the Department for their assistance.
